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(57)Abstract 

PURPOSE: To obtain the subject composition which can - q. rf ? a 

give a molding improved in electrical insulation j^y^^.^Jo-f r ^=A^>-5>»w* 



properties, heat resistance, chemical resistance, etc., by 
mixing a thermoplastic hydrogenated ring-opening 
norbornene resin with an organic peroxide, a crosslinking 
aid and a specified flame retardant. 

CONSTITUTION: 100 pts.wt. thermoplastic hydrogenated 
ring-opening norbornene resin of a molecular weight of 
1 0000-200000 and a degree of hydrogenation of 90% or 
above is melt-mixed with 0.001-30 pts.wt. organic 
peroxide, 0.1-10 pts.wt. wt., per pt.wt. organic peroxide, 
crosslinking aid and optionally 5-1 50 pts.wt. flame 
retardant of formula I or II (wherein (n) and ml to M6 
integers: n >0; 1<m1<5;1<m25;1<m3<4;1<m4<5;1<m5<5; 
and 1<m6<5) to obtain a resin composition. This resin 
composition is molded and crosslinked at 80-350° C for 
5-1 20 min to obtain a crosslinked molding having a water 
absorptivity of 0.03% or below, an insulation resistance of 
1015 to 1017Q, a dielectric constant of 2.0-2.5 at 1MHz 
and a dielectric loss tangent of 0.0001-0.0007. 
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BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates to. a cross-linkable 
norbornene resin composition excellent in electrical 
5 insulation properties, a cross-linkable molded article 
composed thereof, and a cross-linked molded article. 
RELATED ART 

In the field of precision equipment such as 
electronic computer, communication equipment or the like, 

10 demands of high speed operation, high reliability, high 
density and the like increase accompanying the progress 
of technique, and now, making circuit board have higher 
performance such as multi layering , making precision high- 
er, micronization or the like, is proceeding. 

15 Heretofore, phenol resin, epoxy resin, 

polyiraide resin, f luoroplastics , polybutadiene resin and 
the like have been used for such circuit board substrate, 
and are being improved in response to progress of 
technique (see Japanese Patent Application Kokai No. 

20 60-84,317; Japanese Patent Application Kokai No. 
60-258,233; Japanese Patent Application Kokai No. 
3-37,256; Japanese Patent Application Kokai No. 3-55,327; 
Japanese Patent Application Kokai No. 3-166,256; Japanese 
Patent Application Kokai No. 3-275,760 and the like). 

25 However, thermosetting resins such as phenol 



resin, epoxy resin, polyimide resin and the like have a 
high dielectric constant of 4.0 or more and a high loss 
tangent of 0.01 or more, and hence, the electric 
characteristics thereof are unsatisfactory. When these 
5 resin are used in circuit board substrates, it is 

difficult to conduct the operation at a high speed with 
high reliability. On the other hand, when a thermo- 
plastic resin such as f luoroplastic, polybutadiene resin 
or the like is used, a laminate of prepreg formed 

10 therefrom is inferior in heat resistance, and hence, 

causes sometimes cracks and peeling in soldering and the 
like and is inferior in dimension stability. Hence, 
multilayering is difficult. 

Recently, a method has been proposed for 

15 improving the heat resistance, solvent resistance and the 
like of a thermoplastic norbornene resin by subjecting 
the same to organic peroxide cross-linking. For example, 
Japanese Patent Application Kokai No. 62-34,924 discloses 
a method comprising kneading a resin with a cross-linking 

20 agent, then grinding the mixture, impregnating the same 
with an organic peroxide solution, removing the solvent 
and then press -molding the same to cross-link the resin. 
However, such a procedure requires complex steps, and its 
efficiency is low, so that the organic peroxide is not 

25 always dispersed uniformly. The thermoplastic norbornene 
resin disclosed in said Japanese publication is a copoly- 
mer of a norbornene monomer and ethylene, and when it is 
intended to cross-link in said manner a hydrogenated 



ring-opened norbornene resin which is not disclosed 
therein, the molecular weight is often reduced owing to 
degradation of the polymer, and the heat resistance 
necessary for soldering cannot be obtained. 
5 Japanese Patent Application Kokai No. 2-255,848 

discloses cross-linking a resin composition of a thermo- 
plastic norbornene resin including a hydrogenated ring- 
opened norbornene resin and a non-crystalline or low- 
crystalline ot-olefin copolymer and a non-crystalline or 

10 low-crystalline styrene copolymer with an organic 

peroxide. However, it has no specific example of cross- 
linking the hydrogenated ring-opened norbornene resin, 
and does not disclose cross-linking a hydrogenated ring- 
opened norbornene resin which is not blended with said 

15 special resin. Furthermore, said Japanese publication 
discloses a method of cross-linking a compound of such a 
resin composition with an organic peroxide, a cross- 
linking coagent and a flame retarder and a method of 
cross-linking a mixture of the resin with an organic 

20 peroxide and then compounding the cross -linked resin with 
a retarder. However, in the method of compounding a 
flame retarder after the cross-linking, the flame 
retarder is difficult to disperse uniformly in the cross- 
linked resin when used in a laminate of prepreg or the 

25 like, and hence, said method is not practical. Also, in 
the case of compounding the flame retarder before the 
cross -linking, the flame retarder mentioned in said 
publication deteriorates the organic peroxide to make it 
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impossible to obtain a sufficient retardance. 

SUMMARY OF THE INVENTION 

The present inventors have made extensive 
research aiming at development of a molded article 
5 consisting of a resin excellent in heat resistance and 
having a low dielectric constant and a low loss tangent, 
to find that when an organic peroxide and a cross-linking 
coagent are uniformly dispersed in a thermoplastic, 
hydrogenated, ring-opened norbornene resin, the polymer 
10 can be cross-linked without causing decomposition of the 
polymer . 

According to this invention, there is provided 
a uniform, cross-linkable norbornene resin composition 
comprising 100 parts by weight of a " thermoplastic, 

15 hydrogenated, ring-opened norbornene resin having 
dispersed therein 0.001 to 30 parts by weight of an 
organic peroxide and 0.1 to 10 parts by weight, per part 
by weight of the organic peroxide, of a cross-linking 
coagent, and also a cross-linkable molded article 

20 consisting of the cross -linkable resin composition, as 
well as a cross-linked molded article of the resin 
composition . 

. DETAILED DESCRIPTION OF THE INVENTION 
Thermoplastic, hydrogenated, ring-opened norbornene resin 
25 The thermoplastic, hydrogenated, ring-opened 

norbornene resin used in this invention is a resin known 



in Japanese Patent Application Kokai No. 3-14,882, 
Japanese Patent Application Kokai No. 3-122,137 and the 
like. Specifically, it is a hydrogenation product of a 
polymer obtained by ring-opening polymerization of a 
5 norbomene monomer. 

Norbornene monomers are known in the above- 
mentioned Japanese publications, Japanese Patent Applica- 
tion Kokai No. 2-227,424, Japanese Patent Application 
Kokai No. 2-276,842 and the like, and include, for 

10 example, norbornene; alkyl-, alkylation- and aromatic- 
substituted products of norbornene; polar group (e.g. 
halogen, hydroxy, ester, ulcus, cyano, amido, imido and 
the like) -substituted derivatives of the above 
unsubstituted and substituted norbomenes, for example, 

15 2 -norbornene, 5 -methyl -2 -norbornene, 5, 5 -dimethyl- 2- 

norbornene, 5-ethyl-2-norbornene, 5-butyl-2-norbornene, 
5-ethylidene-2-norbomene , 5-raethoxycarbonyl-2- 
norbornene, 5-cyano-2-norbornene, 5 -methyl - 5 -me thoxy- 
carbonyl- 2 -norbornene, 5-pheny 1-2 -norbornene, 5 -phenyl- 5- 

20 methyl-2-norbornene and the like; cylopentadiene 

oligomers formed as a result of radical addition, their 
derivatives and substituted products similar to those 
mentioned above as to norbornene, for example, cyclo- 
pentadiene, 2 , 3-dihydrodicyclopentadiene, 1,4:5,8- 

25 diinethano-1 ,2, 3, 4, 4a, 5, 8, 8a-2 , 3-cyclopentadieno- 
naphthalene , 6 -ethyl- 1 ,4:5, 8-dimethano- 

1,4, 4a, 5, 6, 7, 8, 8a-octahydronaphthalene, 1,4:5,10:6,9 -tri- 
methano-1 , 2 , 3 , 4 , 4a , 5 , 5a , 6 , 9 , 9a , 10 , 10a-dodecahydro-2 , 3- 
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cyclopentadienoanthracene and the like; adducts of cyclo- 
pentadiene and tetrahydroindene or the like and their 
derivatives and substituted products similar to those 
mentioned above as to norbornene, for example, 1,4- 
5 methano-1, 4, 4a,4b,5,8,8a,9a-octahydrofluorene, 5,8- 
methano-1 ,2, 3,4, 4a, 5, 8, 8a-octahydro-2 , 3-cyclopentadie- 
nonaphthalene and the like; etc. 

Ring-opening polymerization of norbornene 
monomers may be conducted in a known manner, and if 

10 necessary, the norbornene monomers may be copolymerized 
with other copolymerizable monomers. The polymer may be 
modified with an ot, J3-unsaturated carboxylic acid and/or 
its derivative, a styrenic hydrocarbon, an organosilicon 
compound having an olefinically unsaturated bond and a 

15 hydro lyzable group or an unsaturated epoxy monomer. 
These resins are hydrogenated into thermoplastic, 
hydrogenated, ring-opened norbornene resins. After the 
hydrogenation, the hydrogenated resins may be modified. 

The molecular weight is suitably 10,000 to 

20 200,000 in terms of number average molecular weight as 
measured by GPC (gel permeation chromatography) analysis 
using cyclohexane as a solvent. When hydrogenation is 
conducted, the hydrogenation degree is 90% or more, 
preferably 95% or more, and more preferably 99% on more 

25 in order to enhance the photo-deterioration resistance 
and weather deterioration resistance. 

The thermoplastic, hydrogenated, ring-opened 
norbornene resin of this invention may have added 



thereto, if necessary, various additives such as anti- 
oxidant of phenol type, phosphorus type or the like; heat 
deterioration inhibitor of phenol type or the like; 
ultraviolet light stabilizer of benzophenone type or the 
5 like; antistatic agent of amine type or the like; 

lubricant such as ester of aliphatic alcohol, partial 
ester of polyhydric alcohol or the like; etc. 
Organic peroxide 

The organic peroxide used in this invention is 
10 not critical, and may be those known in Japanese Patent 
Application Kokai No. 62-34,924 and the like, including, 
for example, hydroperoxides such as t-butyl hydro- 
peroxide, cumene hydroperoxide and the like; dialkyl 
peroxides such as dicumyl peroxide, t-butylcumyl 
15 peroxide, ot,ot' -bis ( t-butylperoxy-m-isopropyl ) benzene and 
the like; diacyl peroxides such as dipropionyl peroxide, 
benzoyl peroxide and the like; peroxy ketals such as 2,5- 
dimethyl-2 , 5-di ( t-butylperoxy Jhexane , 2 , 5-dimethyl-2 , 5- 
di( t-butylperoxy)hexyne-3, 1 , 3-di (t-butylperoxyisopro- 
20 pyl) benzene and the like; peroxyesters such as t-butyl 
peroxyacetate , t-butyl peroxybenzoate and the like; 
peroxycarbonates such as t-butylperoxyisopropyl 
carbonate, di(isopropylperoxy) dicarbonate and the like; 
ketone peroxides such as methyl ethyl ketone peroxide, 
25 methyl isobutyl ketone peroxide and the like; etc. 
Cross- linking coaqent 

The cross-linking coagent used in this inven- 
tion is not critical, and may be those known in Japanese 



Patent Application Kokai No. 62-34,9 24 and the like, 
including, for example, oxime or nitroso type cross- 
linking coagents such as quinone dioxime, benzoquinone 
dioxime, p-nitrosophenol and the like; maleimide type 
5 cross -linking coagents such as N,N-m-phenylene 

bismaleimide and the like; allyl type cross-linking 
coagents such as diallyl phthalate, triallyl cyanurate, 
triallyl isocyanurate and the like; methacrylate type 
cross-linking coagents such as ethylene glycol 

10 dimethacrylate, trimethylolpropane trimethacrylate and 
the like; vinyl type cross-linking coagents such as 
vinyl toluene, ethyl vinylbenzene, divinylbenzene and the 
like; etc. Among them, allyl type cross-linking coagents 
and methacrylate type cross-linking coagents are easy to 

15 disperse uniformly and hence preferred. 

Cross -linkable norbornene resin composition 

The cross-linkable norbornene resin composition 
of this invention is a uniform composition consisting of 
a thermoplastic, hydrogenated, ring-opened norbornene 

20 resin having added thereto an organic peroxide and a 
cross— linking coagent. 

When the amount of the organic peroxide added 
is too small, cross-linking becomes difficult to cause, 
and therefore, the organic peroxide is added in an amount 

25 of 0.001 part by weight or more, preferably 0.01 part by 
weight or more, and more preferably 0.05 part by weight 
or more, most preferably 0.1 part by weight or more per 
100 parts by weight of the thermoplastic, hydrogenated, 
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ring-opened norbornene resin. When the amount of the 
organic peroxide added is too large, the electric 
characteristics, water resistance, moisture resistance 
and the like of the cross-linked resin are deteriorated, 
5 and hence, the organic peroxide is added so as not to 

exceed 30 parts by weight, preferably 15 parts by weight, 
more preferably 10 parts by weight, and most preferably 5 
parts by weight, per 100 parts by weight of the thermo- 
plastic, hydrogenated , ring-opened norbornene resin. 

10 The amount of the cross-linking coagent added 

is 0.1 to 10 parts by weight, preferably 0.2 to 5 parts 
by weight, per part by weight of the organic peroxide. 
When the amount of the cross -linking coagent added is too 
small, cross-linking is difficult to cause, and the - 

15 thermoplastic, ring-opened norbornene resin tends to be 
decomposed to a lower molecular weight resin, and hence, 
the heat resistance necessary for soldering cannot be 
obtained- When the amount of the cross-linking coagent 
is too large, the electric characteristics, water 

20 resistance and moisture resistance of the cross-linked 
resin are deteriorated, and hence, such an amount is not 
desirable. 

In order to enhance the flame retardance of the 
cross-linked molded article of this invention, it is 
25 preferable to uniformly disperse a flame retarder in the 
norbornene resin composition of this invention. The 
flame retarder used in this invention is those capable of 
being uniformly dispersed in the resin composition, and 
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preferably those which are not modified or deteriorated 
by an organic peroxide in the resin composition or in the 
process of cross-linking reaction. Specific examples of 
the flame retarder include flame retarders represented by 
5 formula (l)t 



Br * 1 OH . 

<£^_0-CH 2 -CH-CH 2 



I; 2 P«.. r- 1 oh 



Br m 4 



(i) 



wherein n, m 1 , m 2 , m 3 and m* are integers and satisfy n >_ 
0, l^m l ^5 f 1 <, m 2 <, 4 , 1 <, ra 3 <, 4 , and 1 <, m* <, 5 , 
preferably 2< i m l < i 4, 2 <^ in 2 ^ 3, 2 ^ m 3 ^ 3, and 2 ^ m* < 
10 4, and more preferably m 1 = 3, m 2 = 2, m 3 = 2 f and m* = 3, 



and formula ( 2 ) : 



t 
6" 



CH 3 N «s^> N 



(2) 



wherein n, m 1 , m 2 , m 3 , m* , m 5 , and ia* are integers and 
satisfy n_>0, 14 m 1 <, 5, 1 ^ m 2 <, 5, l< i m 3 < i 4, 1 4 m* _< 
15 4, 1 < b 5 < 5, and 1 <^ m 6 _< 5, preferably 2 < m 1 < 4, 2 <, 
m 2 <, 4, 2 m 3 4 3, 2 < <m 4 < i 3, 2 < m 5 < 4, and 2 <, m 6 <, 4, 
and particularly preferably m 1 = 3, m 2 = 3, m 3 = 2, m* = 2, 
m 5 = 3 and m 6 - 3, and these flame retarders can be uni- 
formly dispersed and are not modified nor deteriorated by 



-li- 
the organic peroxide.. The amount of the flame retarder 
added is 5 to 150 parts by weight, preferably 20 to 140 
parts by weight, more preferably 40 to 120 parts by 
weight, per 100 parts by weight of the thermoplastic, 
5 hydrogenated, ring-opened norbornene resin. 

The method of uniformly dispersing an organic 
peroxide and a cross-linking coagent in a thermoplastic, 
hydrogenated, ring-opened norbornene resin includes a 
method in which mixing and dispersing are effected in a 

10 solution of the thermoplastic, hydrogenated, ring-opened 
norbornene resin and then the solvent is removed and a 
method in which mixing and dispersing are effected in the 
molten state of the thermoplastic, hydrogenated, ring- 
opened norbornene resin. The solvent of the thermo- 

15 plastic, hydrogenated, ring-opened norbornene resin 

solution may be any solvent as far as it dissolves the 
thermoplastic, hydrogenated, ring-opened norbornene resin 
and is not critical. For example, toluene, xylene, 
ethylben'zene, chlorobenzene and the like may be used. 

20 Incidentally, in the method in which the thermoplastic, 
hydrogenated, ring-opened norbornene resin is melted and 
the organic peroxide and the like are added, the melting, 
mixing and dispersing have to be possible at a tempera- 
ture at which the resin is not cross-linked, and there- 

25 fore, this method cannot be applied to some combinations 
of thermoplastic, hydrogenated, ring-opened norbornene 
resin, organic peroxide and cross-linking coagent. Even 
in the method in which the organic peroxide and cross- 
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linking coagent are added to the thermoplastic, hydro- 
genated, ring-opened norbornene resin solution, the heat- 
ing to remove the solvent must be effected at such a 
temperature that no cross-linking is caused. 
5 Cross-linkable molded article 

In this invention, the cross-linkable 
norbornene resin composition is molded and then cross- 
linked to obtain a cross -linkable molded article. 

In the molding of the cross -linkable norbornene 

10 resin composition, a solution in a solvent of the cross- 
linkable norbornene resin composition is subjected to 
molding so as to prevent the moldability from being 
deteriorated owing to cross-linking during the molding, 
or the cross-linkable norbornene resin composition is 

15 melted and molded at a temperature at which the thermo- 
plastic, hydrogenated , ring-opened norbornene resin is 
not cross-linked or cross-linking thereof is sufficiently 
slow. As the solvent, the above-mentioned solvents in 
which the thermoplastic, hydrogenated, ring-opened 

20 norbornene resin is dissolved are used. In general, the 
cross-linkable norbornene resin composition is dissolved 
in a solvent and then molded. 

Specifically, the cross-linkable norbornene 
resin composition dissolved in a solvent is casted to 

25 form a sheet or film, or alternatively, a cloth-like 

substrate such as glass cloth, aramid cloth, polyester 
cloth, nylon cloth or the like or a mat-form substrate of 
the same material as the cloth-like substrate is 
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impregnated with the cross-linkable norbornene resin 
composition, and then the impregnated substrate is 
molded. The cross-linkable molded article of the 
substrate impregnated with the cross-linkable norbornene 
5 resin composition includes a prepreg. 
Cross -linking 

In this invention, a cross-linked molded 
article is obtained by heating the cross -linkable molded 
article to a temperature higher than the definite temper- 

10 ature to cause cross-linking. The temperature at which 
the cross-linking is caused is determined depending 
mainly upon a combination of the organic peroxide and the 
cross-linking coagent; however, the cross-linking is 
conducted at a temperature of preferably 80 to 350°C, 

15 more preferably 120 to 300°C and most preferably 150 to 
250°C. The cross-linking time is preferably about four 
times the half -life period of the organic peroxide. 
Specifically, it is preferably 5 to 120 minutes, more 
preferably 10 to 90 minutes, and most preferably 20 to 60 

20 minutes. 

Cross -linked molded article 

The cross-linked molded article of this inven- 
tion includes a laminate, an interlarainar insulating 
film, a moistureproof layer-forming film and the like in 

25 the cross-linked state. 

The cross- linked molded article of this inven- 
tion has usually a water absorption of 0.03% or less, an 
insulation resistance of 10 15 to 10 17 £2, a dielectric 
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constant at 1 MHz of 2.0 to 2.5 and a loss tangent at 1 
MHz of 0.0001 to 0.0007, and is superior to conventional 
thermosetting resin molded articles in respects of water 
resistance and electric characteristics. On. the other 
5 hand, the heat resistance is equivalent to that of the 
conventional thermosetting resin molded articles, and 
even when a solder at 260°C is contacted with a laminate 
of a copper foil to the cross-linked molded article of 
this invention for 3 0 seconds, no abnormal phenomena such 

10 as peeling of copper foil, blistering and the like are 
observed. From these facts, the laminate which is the 
cross-linked molded article of this invention is suitable 
as a circuit board substrate. 

The cross-linked molded article of this inven- 

15 tion is also excellent in flame retardance, and specifi- 
cally in the UL-94 specification, it is preferable for 
the molded article to exhibit a flame retardance value of 
V-2 or better, more preferable to exhibit V-l or V-0, and 
most preferable to exhibit V-0. In order to obtain such 

20 cross-linked molded articles, it is sufficient to use the 
above-mentioned flame retarder-containing, cross-link- 
able, norbornene resin composition. 
Prepreq 

In a prepreg which is one of the embodiments of 
25 the cross-linkable molded article of this invention, its 
substrate is not critical, and may be a cloth-like 
substrate such as glass cloth, aramid cloth, polyester 
cloth, nylon cloth or the like; a mat-form substrate of 
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the same material as that of the cloth-like substrate; a 
nonwoven fabric; a craft paper; a linter paper; or the 
like . 

The production of a prepreg using the cross- 
5 linkable norbornene resin composition of this invention 
may be carried out in a known manner, for example, by 
dissolving the cross -linkable norbornene resin composi- 
tion in a solvent such as toluene, cyclohexane, xylene or 
the like at a concentration of about 5 to 50% by weight, 
10 immersing the substrate in the resulting solution, and 
then drying the substrate to remove the solvent. In 
general, the prepreg is preferably formed so as to have a 
thickness of about 50 to 500 urn. 
Sheet 

15 The method of producing a sheet which is one of 

the embodiments of the cross-linkable molded article of 
this invention is not critical. In general, a casting 
method is used. For example, a sheet is prepared by 
dissolving and dispersing the cross-linkable norbornene 

20 resin composition of this invention in a solvent such as 
toluene, xylene, cyclohexane or the like so that the 
concentration may become about 5 to 50% by weight, 
casting or coating the resulting solution on a smooth 
surface, removing the solvent by drying or the like and 

25 peeling the resulting film from the smooth surface. In 
the case of removing the solvent by drying, it is 
preferable to select such a method that foaming is not 
caused owing to rapid drying, for example, it is 



preferred to volatilize the solvent to some extent at a 
low temperature and then elevate the temperature to 
sufficiently volatilize the solvent- As the smooth 
surface, a planished metal plate, a carrier film of resin 
5 or the like .may be used. In the case of use of the 

carrier film of resin, care should be paid to the solvent 
resistance and heat resistance of the material of the 
carrier film in determining the solvent and drying condi- 
tions to be used. The sheet obtained by the casting 
10 method has generally a thickness of about 10 p to 1 mm. 
This sheet can be cross-linked and then used as an 
interlaminar insulating film, a moistureproof layer- 
forming film or the like. 
Laminate 

15 The laminate which is one of the embodiments of 

the cross-linked molded article of this invention is 
prepared by putting a plurality of sheets of the above- 
mentioned prepreg and/or uncross -linked sheet one on 
another so that the desired thickness of laminate may be 

20 obtained and hot press-molding the resulting assembly to 
cross-link and fuse the same. When the laminate is used 
as a circuit board substrate, a circuit is formed by 
laminating a conductive layer for wiring to the laminate 
and etching the surface. The conductive layer for 

25 wiring is not necessarily laminated to the outer surface 
of the laminate which is the finished product, and for 
some purposes, it may be laminated to the interior of the 
laminate . In order to prevent the laminate from being 



warped during the fabrication such as etching or the 
like, it is preferable to laminate the upper layer and 
the lower layer symmetrically . The heat press-molding 
method is not critical, and may be a conventional method. 
5 For example, the surface of the prepreg and/or assembly 
is heated to a temperature not lower than the fusing 
temperature of the cross-linkable norbornene resin 
composition used, usually about 150 to 300°C, pressed at 
about 30 to 80 kgf /cm 2 , to cross-link and fuse the layers 
10 to one another to obtain a laminate. 

DESCRIPTION OF REFERRED EMBODIMENTS 

This invention is further explained in detail 
referring to Examples and Comparative Examples. 
Incidentally, the insulation resistance, dielectric 
15 constant, loss tangent and water absorption were measured 
according to JIS C 648. 

The flame retardance was evaluated by the 
following method in accordance with the UL-94 specifica- 
tion : 

20 Using a test specimen having a thickness of 

1/16 inch, the upper end' of the test specimen was clamped 
to fix the same vertically and cotton was spreaded at the 
place 12 inches under the test specimen. A flame of a 
gas burner was applied to the lower end of the test 

25 specimen for ten seconds and the first burning time of 
the test specimen was measured. When the fire went out, 
a flame of a gas burner was again applied to the lower 



end of the test specimen for ten seconds and the second 
burning time of the test specimen was measured. Ten data 
in total were obtained about the first and second burning 
times of five test specimens, the total thereof was taken 
5 as T, the maximum data was taken as M, and the test 

specimens were judged as V-0, V-l, V-2 and failure based 
on the following criterion: 

V-0: T was 50 seconds or less and M is 10 
seconds or less, the specimen did not bum up to the 
10 clamp, and there was no case where a molten piece with 
flame fell down to ignite the cotton. 

V-ls T was 250 seconds or less, M was 30 
seconds or less, the test specimen did not burn up to the 
clamp and there was no case where a molten piece with 
15 flame fell down to ignite the cotton. 

V-2: T was 250 seconds or less, M was 30 
seconds or less and a molten piece with flame fell down 
to ignite the cotton. 

Failure: Did not satisfy the requirements for 
20 V-l, V-2 and V-3. 



Example 1 

In 80 parts by weight of toluene were dispersed 
20 parts by weight of a thermoplastic, hydrogenated, 
ring-opened norbornene resin (ZEONEX 280, a trade name of 
25 Nippon Zeon Co., Ltd., glass transition temperature: 
140°C, number average molecular weight: about 28,000, 
hydrogenated degree: more than 99.7%), 1 part by weight 



of at, at' -bis (t-butylperoxy-m-isopropyl) benzene and 1 part 
by weight of diallyl phthalate to obtain a uniform 
solution without causing precipitation and the like. 

Example 2 

5 The cross-linkable norbomene resin, composition 

solution obtained in Example 1 was coated on a planished 
SUS plate by a coating machine so that the thickness of 
the coating film might become 750 urn, and allowed to 
stand at 60 °C for 20 minutes and then at 120 °C for 10 

10 minutes to dry the coating film. The coating film was 
peeled from the SUS plate to obtain a sheet having a 
thickness of about 150 um. 

Eight sheets of this sheet were put one on 
another and a copper foil having a thickness of 35 um was 

15 laminated to each of both surfaces of the resulting 

assembly, after which the assembly was pressed at a press 
temperature of 180°C at a press pressure of 40 kgf/cm 2 for 
20 minutes so that the thickness of the resulting 
laminate might become 1 mm to fuse the assembly, thereby 

20 obtaining a laminate. 

When this laminate was contacted with a solder 
at 260°C for 30 seconds, no abnormal phenomena such as 
peeling of copper foil, blistering and the like were 
observed. The laminate had a water absorption of 0.01% 

25 or less, an insulation resistance of 4 x 10 l6 J2, a 

dielectric constant at 1 MHz of 2.4 and a loss tangent at 
1 MHz of 0.0005. 
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When this laminate was immersed in toluene and 
allowed to stand for 24 hours, swelling was confirmed but 
dissolution was not observed. 

Thirteen sheets were put one on another, the 
5 resulting assembly was pressed at a press temperature of 
180°C at a press pressure of 40 kgf/cm 2 for 20 minutes so 
that the thickness of the resulting laminate might become 
1/16 inch to fuse the sheets, thereby obtaining a flame 
retardance test specimen. This test specimen was 
10 subjected to evaluation of flame retardance to judge the 
flame retardance as failure in the UL-94 specification. 

Example 3 

A glass cloth substrate having a thickness of 
0.1 mm was immersed in the cross-linkable norbornene 

15 resin composition solution obtained in Example 1 and then 
taken out. The glass cloth substrate impregnated with 
the cross-linkable norbornene resin composition was dried 
at 60°C for 20 minutes, and thereafter, allowed to stand 
at 150 °C for ten minutes to obtain eight sheets of 

20 prepreg. About 40% by weight of this prepreg was the 
cross-linkable norbornene resin composition of this 
invention, and the thickness of the prepreg was about 110 
urn. 

The eight sheets of prepreg were put one on 
25 another and a copper foil having a thickness of 35 um was 
laminated to each of both surfaces of the resulting 
assembly, and then the assembly was pressed at a press 
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temperature of 180°C at a press pressure of 40 kgf/cm 2 for 
20 minutes so that the thickness of the resulting 
laminate might become 1 mm to fuse the sheets , thereby 
obtaining a laminate. 
5 When this laminate was contacted with a solder 

at 260°C for 30 seconds, no abnormal phenomena such as 
peeling of copper foil, blistering and the like were 
observed. The laminate had a water absorption of 0.01%, 
an insulation resistance of 1 x 10 l7 Q, a dielectric 
10 constant at 1 MHz of 2.7 and a loss tangent at 1 MHz of 
0.0009. 

In the same manner as in Example 2, the flame 
retardance of the laminate was evaluated to judge the 
flame retardance as failure in the UL-94 specification. 
15 When the above laminate was immersed in toluene 

for 24 hours and allowed to stand, swelling was confirmed 
but dissolution was not observed. 



Example 4 

In 80 parts by weight of toluene were dispersed 
20 20 parts by weight of a thermoplastic, hydrogenated , 
ring-opened norbornene resin ( ZEONEX 280), 1 part by 
weight of dicumyl peroxide and 1 part by weight of 
trimethylolpropane trimetha cry late to obtain a uniform 
solution without causing precipitation and the like. 



Example 5 

The cross-linkable norbornene resin composition 
solution obtained in Example 4 was coated on a planished 
SUS plate so that the thickness of the coating film might 
5 become 750 urn. The coated plate was allowed to stand at 
60°C for 20 minutes and then at 120°C for 10 minutes to 
dry the coating film, and the coating film was peeled 
from the SUS plate to obtain a sheet having a thickness 
of about 150 Mm. 

10 Eight sheets of this sheet were put one on 

another, and a copper foil having a thickness of 35 um 
was laminated to each of both surfaces of the resulting 
assembly, after which the assembly was pressed at a press 
temperature of 180°C at a press pressure of 40 kgf/cm z for 

15 20 minutes so that the thickness of the resulting 

laminate might become 1 mm to fuse the sheets, thereby 
obtaining a laminate. 

When this laminate was contacted with a solder 
at 260°C for 30 seconds, no abnormal phenomena such as 

20 peeling of foil, blistering and the like were observed. 
The laminate had a water absorption of 0.02%, an insula- 
tion resistance of 2 x 10"°., a dielectric constant at 1 
MHz of 2.6 and a loss tangent at 1 MHz of 0.0007. 

In the same manner as in Example 2, the 

25 laminate obtained was subjected to evaluation of flame 
retardance to judge the flame retardance as failure in 
the UL-94 specification. 

When the laminate obtained was immersed in 



- 23 - 

toluene and allowed to stand for 24 hours, swelling was 
confirmed but dissolution was not observed. 

Example 6 

A glass cloth substrate having a thickness of 
5 0.1 mm was immersed in the cross-linkable norbornene 

resin composition solution obtained in Example 5 and then 
taken out. The glass cloth substrate impregnated with 
the cross- linkable norbornene resin composition was dried 
at 60°C for 20 minutes, and thereafter allowed to stand 

10 at 150°C for ten minutes to obtain eight sheets of 
prepreg. About 40% by weight of the prepreg was the 
cross-linkable norbornene resin composition of this 
invention and the thickness was about 110 um. 

The eight sheets of this prepreg were put one 

15 on another and a copper foil having a thickness of 35 um 
was laminated to each of both surfaces of the resulting 
assembly. The assembly was pressed at a press temper- 
ature of 180°C at a press pressure of 40 kgf/cm 2 for about 
20 minutes so that the thickness of the resulting 

20 laminate might become 1 mm to fuse the sheets, thereby 
obtaining a laminate. 

When this laminate was contacted with a solder 
at a temperature of 260°C for 30 seconds, no abnormal 
phenomena such as peeling of copper foil, blistering and 

25 the like were observed. The laminate had a water 

absorption of 0.03%, an insulation resistance of 1 x 
10 17 Q, a dielectric constant at 1 MHz of 2.8 and a loss 
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tangent at 1 MHz of 0.001L. 

In the same manner as in Example 2, the 
laminate was subjected to evaluation of flame retardance 
to judge the flame retardance as failure in the UL-94 
5 specification. 

When this laminate was immersed in toluene and 
allowed to stand for 24 hours, swelling was confirmed but 
dissolution was not observed. 

Comparative .Example 1 

10 In 100 parts by weight of methyl ethyl ketone 

was dispersed and dissolved 70 parts by weight of a 
liquid epoxy type thermosetting composition having a high 
viscosity [to 100 parts by weight of Epikote 5046 
manufactured by Yuka Shell (as a curable epoxy compound) 

15 were added 4 parts by weight of dicyandiamine as a curing 
agent, 14 parts by weight of dimethylf ormamide, and 0.2 
part by weight of benzyldimethylamine as a curing 
coagent ] . 

In this solution was immersed a glass cloth 
20 substrate having a thickness of 0.1 mm. The glass cloth 
substrate impregnated with the epoxy type thermosetting 
composition was dried at 60°C for ten minutes, and there- 
after, allowed to stand at 150°C for ten minutes to 
obtain eight sheets of prepreg. About 50% by weight of 
25 this prepreg was the epoxy type thermosetting resin 

composition and the thickness thereof was about 130 urn. 

Eight sheets of this prepreg were put one on 
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another and a copper foil having a thickness of 3 5 urn was 
laminated to each of both surfaces of the resulting 
assembly, after which the assembly was pressed at a press 
temperature of 180°C at a press pressure of 40 kgf/cm 2 for 
5 about 90 minutes so that the thickness of the resulting 
laminate might become 1 mm to fuse the sheets, thereby 
obtaining a laminate. 

When this laminate was contacted with a solder 
at 260°C for 30 seconds, no abnormal phenomena such as 

10 peeling of foil, blistering and the like were observed. 
The laminate had a water absorption of 0.15%, an insula- 
tion resistance of 1 x lO^Sl, a dielectric constant at 1 
MHz of 4.8 and a loss tangent at 1 MHz of 0.022. The 
water absorption, dielectric constant and loss tangent 

15 were not suitable as an insulating material. 

Comparative Example 2 

In 80 parts by weight of toluene were dispersed 
20 parts by weight of a thermoplastic, hydrogenated, 
ring-opened norbornene resin {ZEONEX 280) and 1 part by 

20 weight of dicumyl peroxide to obtain a uniform solution 
without causing precipitation and the like. 

This cross -linkable norbornene resin composi- 
tion solution was coated on a planished SUS plate by a 
coating machine so that the thickness of the resulting 

25 coating film might become 750 \aa. The coated plate was 

allowed to stand at 60°C for 20 minutes and then at 120°C 
for ten minutes to be dried, after which the costing film 
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was peeled from the SUS plate to obtain a sheet having a 
thickness of about 150 um. 

Eight sheets of this sheet were put one on 
another and a copper foil having a thickness of 35 nm was 
5 laminated to each of both surfaces of the resulting 

assembly after which the assembly was pressed at a press 
temperature of 180°C at a press pressure of 40 kgf/cm 2 for 
20 minutes so that the thickness of the resulting 
laminate might become 1 mm to fuse the sheets, thereby 

10 obtaining a laminate. 

When this laminate was contacted with a solder 
at 260°C for 30 seconds, abnormal phenomena such as peel- 
ing of foil, blistering and the like were observed and 
distortion was further observed. 

IS When this laminate was • immersed in toluene and 

allowed to stand for 24 hours, almost all of the laminate 
was dissolved. 

Example 7 

In 80 parts by weight of toluene was dissolved 
20 20 parts by weight of a brominated bisphenol type flame 
retarder (Plasafety EB-242 represented by the following 
formula : 




and manufactured by MANAC INCORPORATED), and 75 parts by 
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weight of this solution was mixed with 100 parts by 
weight of the resin solution obtained in Example 1 to 
obtain a uniform solution without causing precipitation, 
separation and the like . 

5 Example 8 

A laminate was prepared in the same manner as 
in Example 3 using the cross-linkable norbomene resin 
composition solution obtained in Example 7 . When this 
laminate was contacted with a solder at 260°C for 30 

10 seconds, no abnormal phenomena such as peeling of foil, 
blistering and the like were observed. The laminate had 
a water absorption of 0.02%, an insulation resistance of 
5 x 10 l6 S2, a dielectric constant at 1 MHz of 3.0 and a 
loss tangent at 1 MHz of 0.001. When this laminate was 

15 immersed in toluene and allowed to stand for 24 hours, 

dissolution was not observed. Also, the flame retardance 
was evaluated to be judged as V-0 in the UL-94 specifica- 
tion. 

Example 9 

20 In 80 parts by weight of toluene was dissolved 

20 parts by weight of a brominated aromatic triazine type 
flame retarder (Pyroguard SR245 represented by the 
following formula: 
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Br Br 




Br 



and manufactured by Daiichi Kogyo Seiyaku Co., Ltd.), and 
75 parts by weight of this solution was mixed with 100 
parts by weight of the resin solution obtained in Example 
5 1 to obtain a uniform solution without causing precipita- 
tion, separation and the like. 

Example 10 

A laminate was prepared in the same manner as 
in Example 3 using the cross-linkable norbomene resin 

10 composition solution obtained in Example 9. When this 
laminate was contacted with a solder at 260°C for 30 
seconds, no abnormal phenomena such as peeling of foil, 
blistering and the like were observed. The laminate had 
a water absorption of 0.02%, an insulation resistance of 

15 3 x 10 16 Q, a dielectric constant at 1 MHz of 3.0 and a 
loss tangent at 1 MHz of 0.001. When this laminate was 
immersed in toluene and allowed to stand for 24 hours, 
dissolution was not observed. Also, the flame retardance 

Oy 

was evaluated to be judged as v-0 in the UL-94 
20 specification. 



- 29 - 

Example 11 

In 80 parts by weight of toluene was dissolved 
20 parts by weight of a bisphenol type flame retarder 
(Firegaurd 3100 represented by the following formula: 




and manufactured by TEIJIN CHEMICALS LTD.)/ and 75 parts 
by weight of this solution was mixed with 100 parts by 
weight of the resin solution obtained in Example 1 to 
obtain a uniform solution without causing precipitation, 
separation and the like. 



Example 12 

A laminate was prepared in the same manner as 
in Example 3 using the cross -linkable norbomene resin 
composition solution obtained in Example 11. When this 
laminate was contacted with a solder at 260°C for 30 
seconds, no abnormal phenomena such as peeling of foil, 
blistering and the like were observed. The laminate had 
a water absorption of 0.02%, an insulation resistance of 
3 x 10 ,6 Q, a dielectric constant at 1 MHz of 3.0 and a 
loss tangent at 1 MHz of 0.001. When this laminate was 
immersed in toluene and allowed to stand for 24 hours, 
dissolution was not observed. Also, the flame retardance 
was evaluated to be judged as V-2 in the UL-94 specifica- 
tion. 



Comparative Example 3 

In 80 parts by weight of toluene was dissolved 
20 parts by weight of cyclic chloroparaf f in type flame 
retarder. (Dechloran Plus represented by the following 
formula : 




and manufactured by Occidental Chemical Corporation), and 
75 parts by weight of this solution was mixed with 100 
parts by weight of the resin solution obtained in Example 
1. However, the two were not dissolved in each other and 
when the mixture was allowed to stand for one week, 
precipitation was caused. 

Cross- linked molded articles obtained from the 
cross-linkable norbornene resin composition of this 
invention are excellent in heat resistance, chemical 
resistance, moisture resistance, water resistance and 
electric characteristics and, when contacted with a 
solder at 260°C for 30 seconds, do not cause peeling of 
foil, blistering and the like and are hardly dissolved in 
toluene. Said molded articles are excellent particularly 
in heat resistance and chemical resistance and useful as 
a radiofrequency circuit board substrate or the like. 
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WHAT IS CLAIMED IS: 

1. A uniform, cross-linkable norbornene resin 
composition comprising 100 parts by weight of a thermo- 
plastic, hydrogenated , ring-opened norbornene resin 
having dispersed therein 0.001 to 30 parts by weight of 
an organic peroxide and 0.1 to 10 parts by weight, per 
part by weight of the organic peroxide, of a cross- 
linking coagent. 

2. The cross-linkable norbornene resin composition 
according to Claim 1, wherein 1 to 30 parts by weight of 
the organic peroxide is dispersed in 100 parts by weight 
of the thermoplastic, hydrogenated, ring-opened 
norbornene resin. 

3. The cross-linkable norbornene resin composition 
according to Claim 1, which further contains 5 to 150 
parts by weight of a flame retarder represented by the 
general formula ( 1 ) : 




wherein n, m 1 , m 2 , m 3 and m* are integers and satisfy n > 
0, 1 <, m 1 _< 5 # 1 <, m 2 <_ 4, 1 4 m s <, 4 and 1 <_ m* £ 5 or 
the general formula (2): 



- 32 - 



8r m 3 CH Br m -, or m 

CH 3 N vj> N 

I J" 

if' 



(2) 



wherein n, m 1 , m 2 , m 3 , m 4 , m 5 and m 6 are integers and 
satisfy n ,> 0, 1 <, m 1 <, 5, 1 m 2 _< 5, 1 _< m 3 ^ 4 r 1 _< m A _< 
4, 1 < m s <_ 5 and 1 m 6 £ 5 , per 100 parts by weight of 
the thermoplastic, hydrogenated , ring-opened norbomene 
resin . 

4 . The cross- linkable norbomene resin composition 

according to Claim 3, wherein the flame retarder is a 
compound represented by the general formula (3): 



%> ? H r* ch 3 ?» 

<^_0-CH,- CH- CH,- . 0 _<^)-|_^)_0- CHj-CH- C 



~0 



(3) 



wherein n is an integer of 0 or more. 

5. The cross -linkable norbomene resin composition 

according to Claim 3, wherein the flame retarder is a 
compound represented by the general formula (4): 



r 



° 2 CH Br 2 

T 



(4) 



- 33 - 

wherein n is an integer of 0 or more . 

6. The cross -linkable norbornene resin composition 
according to Claim l r wherein the hydrogenation degree of 
the hydrogenated ring-opened norbornene resin is 90% or 
more . 

7 . The cross-linkable norbornene resin composition 
according to Claim 1, wherein the cross-linking coagent 
is an allyl type cross-linking coagent or a methacrylate 
type cross-linking coagent. 

8. The cross-linkable norbornene resin composition 
according to Claim 7, wherein the cross-linking coagent 
is selected from the group consisting of diallyl 
phthalate, triallyl cyanurate, triallyl isocyanurate , 
ethylene glycol dimethacrylate, and trimethylol propane 
trimethacrylate . 

9 . A cross -linkable molded article consisting 
essentially of the cross-linkable norbornene resin 
composition according to Claim 1. 

10. The cross-linkable molded article according to 
Claim 9, which is a film or sheet. 

11. The cross-linkable molded article according to 
Claim 10, wherein the film or sheet is prepared by 
dissolving the cross-linkable norbornene resin composi- 
tion in a solvent and then casting the solution. 

12. The cross-linkable molded article according to 
Claim 9, which is a prepreg. 

13. The cross-linkable molded article according to 
Claim 12, wherein the prepreg is prepared by dissolving 
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the cross-linkable norbornene resin in a solvent and then 
impregnating a substrate with the solution. 
14 . A cross-linked molded article prepared by 

cross-linking the cross-linkable molded article according 
to Claim 9. . 

15. The cross-linked molded article according to 
Claim 14 i wherein the cross-linking is effected by 
heating at 80 to 350 °C. 

16. The cross-linked molded article according to 
Claim 15, wherein the heating is effected for 1 to 120 
minutes . 

17 . The cross-linked molded article according to 
Claim 14, wherein a plurality of the cross-linked molded 
articles are put one on another and then cross-linked to 
form an integrated molded article. 

18. The cross-linked molded article according to 
Claim 14, which has a flame retardance of V-2 or better 
as evaluated in accordance with the UI.-94 specification. 

19 . The cross-linked molded article according to 
Claim 18, wherein the flame retardance is V-0. 
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ABSTRACT OF THE DISCLOSURE 

A cross-linked molded article which is 
excellent in chemical resistance, moisture resistance, 
water resistance and electric characteristics, also 
excellent in heat resistance to such an extent that when 
contacted with a solder at 260°C for 30 seconds.it does 
not cause peeling of a foil laminated nor blistering, and 
useful as a radiof requence circuit board substrate, which 
molded article is prepared by dispersing in a solvent 100 
parts by weight of a thermoplastic, hydro genated , ring- 
opened norbornene resin, 0.001 to 30 parts by weight of 
an organic peroxide such as a,ct'-bis (t-butylperoxy-m- 
isopropyl) benzene or the like, 0.1 to 10 parts by weight, 
per part by weight of the organic peroxide, of a cross- 
linking coagent such as diallyl phthalate or the like to 
prepare a uniformly compounded composition, molding the 
composition into a sheet or the like by a solution- 
casting method or the like and then heating the molded 
article to cross-linking the same. 
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Abstract of JP6248164 

PURPOSE:To obtain the subject composition which can give a molding improved in electrical 
insulation properties, heat resistance, chemical resistance, etc., by mixing a thermoplastic 
hydrogenated ring-opening norbornene resin with an organic peroxide, a crosslinking aid and a 
specified flame retardant. CONSTITUTION: 100 pts.wt. thermoplastic hydrogenated ring-opening 
norbornene resin of a molecular weight of 10000-200000 and a degree of hydrogenation of 90% or 
above is melt-mixed with 0.001-30 pts.wt. organic peroxide, 0.1-10 pts.wt. wt., per ptwt organic 
peroxide, crosslinking aid and optionally 5-150 pts.wt flame retardant of formula I or II (wherein (n) and 
ml to M6 integers; n >=0; 1<=m1<=5;1<=m25;1<=m3<=4;1<=m4<=5;1<=m5<=5; and 1<=m6<=5) to 
obtain a resin composition. This resin composition is molded and crosslinked at 80-350 deg.C for 5-120 
min to obtain a crosslinked molding having a water absorptivity of 0.03% or below, an insulation 
resistance of 10<15> to 10<17>OMEGA, a dielectric constant of 2.0-2.5 at 1MHz and a dielectric loss 
tangent of 0.0001-0.0007. 
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5 ->7 J - 2 -yyVjJOujfcV. 

- 5 — * h ^i^/Ujtf 2 - yyHjOM^V, 5—7 
/<? i^yU- 2 — y^tf/U^^. 5-7i=/l'-5-^f/l' 

- 2 — //UKA^V, 5 -is /I — Z — ; friSfr^ 
>, 5-5*"^^^— 2 — //UdCyU^V, 5— >^*7 f S' 
A- 2 - y >^ ; y yuKvM^ — p£».±ro 

OKiS^SlftW. I. 4:5. Z-i?*9J 

-1, 2. 3, 4, 4a. 5, 8. 8a-2. 3-W 
pXy^jJx/f7^uy, 6-/7vl — 1. 4 : 5. 
%—i?/-9J — \ t 4, 4a, 5, 6, 7, 8, 8 a- 
^-^-^ t 9 U'V', 1, 4:5, 10:6, 9- 

^<7 h^^y-l, 2, 3, 4, 4a. 5. 5a, 6, 

9. 9a. 10. 10a-Kf*t Kd-2, 3—>f 

i»#^B»*, tfJxJi. '^B^^xy. 2. 3 

«ro^«:^e»«:. W*.tf. 1. 4— 
4. 4a. 4b. 5, 8, 8a. 9a-t?ii'tKB7 
iU*\sis, 5, 8-^^y-l, 2, 3, 4, 4a. 
50 5. 8. 8a-«?tFn-2, 3 D--5^^i? 

[o o i i ] y^^/^^^^fi^oBBaa-g-n^ro 
*"tt-CJ;<, j&SlcrtsiiiC. f&ro*a-g-^ItB<c*S{*i: 

*a-g-urt>j:^. 523 s«« 

[0012] 7K^ft§gga y ArtRim *mmn<?>ftT&ti 

^Sffif, 10. 000—200. 0 0 0.*f*L<!4 
2 0. 0 0 0~10O. 000. J: L< 142 5. 

000-5 0, 0 0 0 -C*>5„ ftJpt&^^fidS/h^-T^ 

SO 9 0%JEI±. &*. L<tt9 5%£t±. J; 



4*08^6 - 2 4 8 1 6 4 



[O 0 1 3 1 #3§^ffl^5*^t&BS//i'#;M^5& 
81JIHCI4, t^-lc^«f #5PS0lc*5^r. ffiUizX 

/u^coffc^tB&lh*-) ; ^>-^7*y v»«tO«#Mt 
3cS£#] ; 7 S V3ft<»0>firttBSit« ; lliJD5&T/w=i- 
/KOi^f/K ^(BT/L-a— /KD8B#:t*x/l'.K.U t $8# 

[00.14] (^-ais^t^j) *&m\zmi*>zifmi&m w 

■ <t®>\*. 4#tCPfiS$n-f, 6 2-3 4 9 2 4 

a Mit—fr'*— it^ris K. '^yV/t"*— K«<0 
S>7'S<'/i"< — KJK ; 2, 5-i>^^^-2, S 
-S* ( t -7*7vt"<— 5i"dr-» — =*"!H-\ 2. S-isp* 20 
f-ZV-Z, 5 -V s ( t --ff-fr'*— ^=Sri^V- 
3, 1, 3-i 5 (t-^f/M-t+WVT'oir-'i') 
'O-t? >%f<D'<— 7S-*i/trf— *m : x.—'ff-fl"*— 
**isT-*T — K t -7*7Vl"<— jj-^'O's'at— h 
^(75^— ^^v'si^r/H^ ; t —-ft fr*— ;*-3-W 
y^a tr/u* /hi? t— f- . v 7 (-f y^Bf/t-/^* 

» ^*/U#^-— ^•4rV*/U#^-— h^CO-Jr 

««CPS3£$ix-f. 4§I8B36 2 - 3 4 9 2 4-^^ffi^-C4i J<7 
y^5S«S5b«y; N. N-m-7i=vy^7l/-f$ 

u-r s: vzkokmftom •. s*r y ^7* u- k 
hi 7 9 fri/T?- is — h. h y r y /u-*" y->T5i h 

&<DT \) *%k%Z%i&)m ; Is ^ f 'J fi 



«. p'^^yi — h##MSi!fc#]a 5 . ^ 

10 0 16] (SSffitt / I'XttJISIBJtttt) 

^OSg^tty/utf/t^^^JjiaafiJ^ti. S¥ft^IlSH4^5S 

. [0 0 17] ^"«liS^t:«5(0}S5iQfi:ii'>Jt-rr5t5g«S 

/^>-^^flii 0 osfiwtcjttu-co. ooissssei 

±. $fi£L<l40. 0lSftSB&L_h. L<tt 
0. 0 52fifl5£il±, U<tti fi£3e£iJha># 

JglO OfifiS&fcia-LT 3 0-M«B. ffiL<tll5l 

[0018] se^iitowoi&trofltt, 

lSSSBU^UTO. 1-lOSaSJ. #*U<li0. 

«MSft*jg c 9 »c < < , *.mitsnm / vjrkmb* 

[0 0 19] SfeUl, *«?S<O^ISJ*^fa03S«<«E£iS5 

A<*e«)^i4-fia:s:i 

Kt:3] 



JSk OH AH CH 3 ^_! r «3 OH 



(— l&^l t l 3 . n. mi, m2. m3- m4l4S?S:"t?*> 0 . 
n^O. l^mi^S. lSm 2 S4. lSm 3 S4, 1 
^m 4 £S. ffj L<B2Smi^4. 2 £m 2 £ 3 . 2 



£m]£3. 2^m 4 ^4, 4*«C»* U < ttm i= 3 . m 2 
= 2, m 3 = 2 . m 4 =3-C#>S) *fcl4— «:^2 
Ht4] 



a >3 ch , 8r «< / Brnl 

iNI^ iVi /"* u _ ki . kj 




- 2 4 8 1 6 4 

Br B 6 




(— f&iZZty. n, mi, m2. mj. 1114, ms. n>6l^SE 
nSO, lSmiS5, l^rn 2 ^5. ISm 
3 S4. l^m 4 ^4, lSm 5 iB, l£m 6 £5.#3: 
U<tt2£mi£4, 2£m2^4, 2£m 3 £3, 2£ 
m 4 ^3, 2£m 5 £4, 2Sm 6 £4. #fC$F*L<li 
mi=3, Di2 = 3 . m3= 2 , m4=2. 015= 3 . m6= 

^5R<t5SS3y/i'^>'i'-^>'^«flIl 0 0gfiSMC*tLT5 
— 15 Olfif. L< 14 2 0~1 4 OfiSSB, 

»ib<rt4o-i 2 oasim-rfos. 
10020] Ttmtm&s *x**>&®vi\zmmmm 

• #is**T«?«t*:i»*-#-*jtrt6. MiStt»8«tttF 

-f. W&tf. hAml". r**vl"*i'-t?>\ * 

v^Tli. ««L*^t&SV, ©SB • R-fr - #1&a*-e£ft 

S&Saifc 5. 
[0 0 2 1 ] (MttfftKA) *38^l^fc^-r»i. 

A 

[0 0 2 2] ««tt>'A'#^V3R«Hgfflrtt«jSrBJt»-r 
[0 0 2 3] Attttfctt. Lfc§£*5t£y /u# 



y 1^2/ it 5. 

[0024] sanies tvrtt. Kttttf&K a 

•5t»>!»bn5« ! , -#S:tCtt 4 8 0~3 5 0t, 

< ttl 2 0"C~3 0 0t> ^i:»tL<ttl50-2 

»IL<. -ttlCtt. 5-12 0 »iL<ttl0~ 
9 0», $ PjtC#S L<tt2 0~6 O^TifoS. SSfiStt 

ur««-rs»-&. ^m<om-o^mm • as 

■«td<e^9. — A*«» fell*. 

[O 0 2 5] («Mfttt&A> A 4 U 

-C, %k1& Hit tit><r>k Lt. SJg«, 0aSS«. JgR8& 

[00 26] *B9!«>*itt]$JgAl*. 

0. 03%£*T, jte&Stt*<l 0 15 ~1 0 17 Q, 1MH 
30 KS.jE«tf* ; E:*v-eK2. 0~2. 5. 

0. 0 00 1 — 0. 0 0 0 7 -Cfc •? . t£3E<7>S?aSE{fctta& 

t>. SHfS«:SSUfca®«{C2 6 0t©Ay^Sr3 0# 

febiii^. rfrfcw- **B91«>aEflb«jgA-C 

[0 0 2 7 ] *ffi»«>«l«CJtt«A«. SBttlCffi 

ilfct©, AffWJCli. UL-9 4^*S<CS3I,n-CV-2 

v- 1 ifcldv-0«og«S14«r*-*-'bo*4J: U 
<, V-OOg|«SI4*r*-r , b<odSfl#tc»*b^. -toi 
5^fi§«514ES£^ASr»5fc>I>Jcli. ffl^<7? «fc 5 ttttttftl 

[00 2 8] (7*y /VJ') *^W<05g1Si±m^A<OA 
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[0 0 2 9 ] *fg^W«fiSt4^/i'#/^>^WfliSafi!c^ 
[00.3 0] (&"-h)-*«W«)*«ttrtt»ftro*#« 

-rnii«tv^ ¥r3S5<i: LTI*. SSEfeiUfc&JKS^i 
81®!^^^ y 77^ /vA«&jfli^fti2.|:i.\, WJiiS!^*- 
\ y 77 -r /uAfc/H^a^-g-. y T7-r yu.z»05fs$r 

n5'>-Hl -(fii:iO fl m~lmmISrof*«:t 

-rs. nnfews/— nut, srntsr tizx d % 
[0031] cajgffi) *&9]«>mj*&A«>A#*j«> 

SlcfcoTHt. aJB«©rt»lca«*nTt»rt J:v*. 

6U:. illSl 5 0-3 0 OtgfiKAQSRU 3 0~8 0 
k g f / c ra 2 e£tcAOffiLT. 4-J|«>ffllC«tt • fl&Bt 

[ 0 O 3 2 ] 



(G) «ffl?6-24 8 1 6 4 
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3E«, ©**I4J I-S C 6 4 8 1 ICt »3 8Q«U 11 
[0033] fSl/1 6-f^tf>f*%i>i-£ffl^, KM 
SfctfoTl 2-T V^oir^5tc*l8$r&< 0 K8fr»T 

SSS:-*-*. K» < H-s01iow^risa«5*ft«HIBi:2El 

f-^*Mi:t5 t$(c, &LTwsmtcJ:9. v-o, 

V-l. V-2. ^F-&»fc*iJ»fUit. 

V-0 : Ti«5 Mi* 1 0 ^EiT, iry^-f^. 

V-l : Ti*2 5 0S>£llT, M# 3 O50>E*T. i> 7^7 

V-2 : Tj&*2 5 0&GTF. M*< 3 0*}>£iT. * 5 ^7* 

JF-frtt : J:I2<OV-0. V-l. V— 2<0^f*$rtf&*:$ 

[0034] mmw i 

7K^fb§BSy^#/^V^«JSI (ZEONEX 28 
0. B^rf-^tt^tttt. jEf7**s**iS.Sl 4 0TC. 
&5PJ$#*fitt2 8. 0 0 0, *9S§i5s2Jl)3S9 9. 7%& 
±) 2 0£fi88£a, a* - ( t -7*^/^-^-# 

^ h 1 SfilC* OSSIHWwttlftS-tiTfc 

[0035] nifceii 2 

fcXdMrffli^-C, ^ffilctt±tffcSUS<g±lc/?$ 7 5 
0pmlci5J:5lwi*Lt. 6 0 < Ct»2 0^Bfl, ^ h 

[0 0 3 6 ] C(OV-h8tt«ra®L. *P>lCi^ffilC3 
E4 Okg f /cm 2 -C-Jgi* 1 mmlc/i5i ?|C2 0» 

[0 0 3 7 ] z<n&mmtiz 6 otro/NV/&3 otMt 

i*. 0.01 %6iT. ffitt«ttn 4X10 

16 Q. lMHzWBt*. ^SlSfl-ttt^'iX. 2. 
4 . 0. 0 0 0 5 X'&>^ti a 

(OO 3 8] - WSStSSr hyu*V{i&|gUT 2 4B§Pfl 

50 tifr-z.tL. 
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10 0 3 91 5"— b 1 3&$:fIJgl,T. T'l^B. 

^^E40kgf/cm 2 TfJl/l 
6 H yf|:it5,t? J- 2 Q9f?\s* LTfSSBlig£-tirTst 

[0 04 0] 3Ufc0iJ 3 

J?£0. 1 mra'astf?** n*Stt«r»«LT. & 9 fcb 
n^SttSr6 0 < Ct?2 O^KJS^-erfc^:. 150 

W-Z l*#J 1 1 O u mf*>ofc 0 
[0 O 4 1 ] 7'l'4''8tt*flJIL S&lCNflB 

IC 3 5 (i mOT^^Sra® LT, ^U^tagl 8 0"C, f 
Okgf/c m 2 T»J?£ 1 mmCiU 51-2 

[0 0 4 2 ] r«>ffla«»4 2 6 OlCO^^^trSOWB 

•f. STfcsStto. oi%, teJgJ&ftlii x i o 17 Q. 1 
MH:W!!S*, ^msE^fi-tix^Jx, 2. 7, o. 
0 0 0 9Tfcofc. 

[0 0 4 3] C«aJB«*H^=t>fc«*L-C2 4«FW] 

[0 0 4 4 ] HIIfcP'M 
fr$i<tffl%tS /t'tf/^^'&tiMB (ZEONEX 28 
0) 2 O tM i f*' 5 K 1 1M, bit 

»>8 0SfiOT t fMc#»$-<tJt4:C*>, ttJRft4f-t>±U. 
T. fc. 
[0 04 5] MM 8 

&X««rAb^T. $&EMtt±tf*:SU S*K±K^3 7 5 
0 a mlcte« J: 5tC^^Lfc„ 60tt=20^W, £ 
IC1 2 OtTl 0»»eL-C^Jg|$-frfc o *rO&, 

1 50v mtfcot. 



«P?6- 2 4 8 16 4 
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[0 04 6] h 8tfc*ML $ t> ICFiEJC 3 

5wm(oai?s?:a^L-c. yu^taffi 8 o^c, 

£E4 0 k g f /cm 2 TJ?£ 1 mmlCfeS J: 51-2 0# 

[004 7] Z.<nnmtSL^Z 6 0'CO-'N^ySr3 OfHR 

r. »**I4 0. 0 2%. Ktt4&tttt2 X 1 0 16 CK 1 
MHzTWRS*, KSoEffitt-tix^rJx, 2. 6! 0. 
0 0 0 7-Cfoofc. 

[0 0 4 8] r<oa®t£Sr h*x>lcg«LT2 4 B#P4 

tt*»o&. JtlKM2£fflttlCLTJttftf£*fHi]6l, 
Jfcfc::*, UL-9 4*Mfcfc:l3V*T. *-&teT-*>ofc. 
[0 0 4 9] Jgftftl 6 

git&s 5 -e»fcSR«tty v*«faiaBt4fc»*K 

15£0. 1 mm<0#7** n;>g«-&SiSLT, &9 U3 

7** c^£ftSr6 0t"C2 0 150 
ttlO^TOLT, ^^U^«r8«c^fco 

[0050] c*>7*!;7'w^8*fc«r8UiU £t>lcME 
\z 3 5 n mo^fs^s^ur, -^u-^tasi 8 o^c. ^ 

U^JEE4 0kg f / c m 2 -CJ?$ 1 mmt^Si 51-2 
0 #7* LTJIMtt* $ *Tfl|«StHfc. 
[00 5 1] rroaifili2 6 0'C^V'^4:3 0^« 

T. R**f*0. 0 3%, IfelStettttl x l 0 l7 Q. 1 

MHs-etD^®*, BSmjEign-tn-eK, 2. 8, o. 

0 O 1 1 -cfeofc. 

[00 5 2] crofc/§:&* h^xy|;g«LT2 4B#Pfl 

tiC5, UL-9 48MfcJC*3^-C\ ^-&*&-Cifooyi:. 
[ O 0 5 3 ] %lfc0!l 7 

h/u*V8 0SfiSi5^U^<te^7 3 :/'-yu^ll«S^ 
(7 , 7*7f^EB- 2 4 2. 7" ;/ *4*3C£lfcH. * 

Uts\ 



CH 

-0-CHz-CH-CH 2 - 




) S:2 0tfl|l^»Ufc. C<7J*gr£l 0 0««B*^«i 

[0054] izmm 8 



StEtt. 2 6 O^ttS-^Tt. «S?S 

50 OSflSi-^^^ U-/,t^06l±l4S«>t3tff , K**»0. 
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o 2 %. 5xio 16 q, i mh z -proia 

m. ftrnjEmtizturix. 3. o, o. ooit-*>o 

tz, r<Djg/H££: h*^>\Z&mirX 2 4P$Rg#EgLT 
~ 5. U L - 9 4mtSICfcV>T. V-OT*>ofc. 

[0055] mmm 9 



Kb 6] 




) &2 OSfiSfJi£ft¥Lfc. Z<nm&l 0 02S8B«:I£2£ 

fir«Ji-c^fc«lfli^i«i o oss«Btia-&Lfci:^5. it 

[0 0 5 6 1 |gJ£CT 1 0 

jusi*. 2 e ot:«3^>ysr 3 otste^rt. 

0 2%. *fe^ttSfetrt3 X 1 O 16 0, lMHzWJSS 

35, ^mi^ii-tH-t'K, 3. o, o. ooi-efco 

UL-94itSl^ x tV-0-C*,->&. 
[ 0 0 5 7 J 1 1 

h/Pit^S 0SS9B**Cf ^7xy- A'^j&SI (7r 
H^r-if- K 3 10 0. mAft/SW^ttK. Slit*; 

(ft 7] 




> & 2 OfiflWSWLfc. dO&fff 1 0 OSfiSfiSr^Jfc 
fifU f^fc»JigK«!l O OfifiSBtS-&Ufci:r>5». it 

[00 5 81 ^fflerj 1 2 

*ffl^r. ieiSffi3«»:|E)«(o*-i5fe-ea®««r^fc. ^ro 
fil®«tt. 2 6 O'CW^n^^* 3 OMMJttt. S3 



(8) $#$]5P6 - 2 4 8 1 6 4 
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0. 02%, lfei§iS«il43 X l 0 16 Q, 1 MH z "COR 
©m. ^SIE«l±*:;ft*r**U 3. 0. 0. OOltfco 
7t. ^<73«®««r h^x>l:gg!Lr 2 4f$P.fl»igLT 

UL-9 4«*Stife^TV- 2T$>ofc. 
[00 5 9] tfctJfiTj 1 

*->7&it&<fab Urjftft^^yl'ttfiiOaifa— h 5 O 4 
/<? 6 1 0 OSfiBIC. m*Mh L,XV'>7>VT £ K4 
ISffli. i»^*/uA7; Kl 4!lfi8B. SMteWPJi: 
U'<^^fA'7^0. 2SSSB&8s;&0Lfc'b 
<F>) 7 OgfiSBSr^^vU^fvU*- h>l 0 OSSSBfK: 

[0O6 0] ^(O^j$IC@^0. lmm©#7^*D^ 

$tt^7^^n^Stt«:6 0t-Cl 0 

1 5 OtT-l 0#Pfl»aLT. -f^if^Z^&M 
fc. C«OT'!;7'U^ r Oj!(S)5 0fiS%tt9gffi£,//J'#/M; 
>-^«9fli«a^*jT#> 9 . m& &#} 130d mTfoofc. 

[0061I CKOSttor^i^SrSSJgu, Sfefcffi 
®ic3 5 w m<omm$:fam u-c, T'^tasisoic. 

:/U*£E2j4 Okgf/c m 2 T. J¥£ lmmlc/j;5«t 
? ic**) 9 o 9sf ursua^$ -fr-OS JUS 

[00 6 21 r<75S8^«tt. 2 6 OtO^v^fe 3 Of* 

/ii'ofcii, R*35fci0. 15%. iteJIU&Stl* 1 x i o 
15 Q. lMHz-CORS$. mmiStt^Jx^Jx. 4. 
8, 0. 0 2 2T-*,!), ^«IE«dia 

[00 6 31 2 

7K3R{tBa8t/'/n«^^>'^WJlB (Z EONE X 28 
0) 2 OfificSBi:^ §/u^<— 5*-^-^^ KlifiSp*: h 
/P*>-8 oaSSS^JC^IS^-frfctii. tta^^u, 

[00 6 4J n^aS^Stt/A^^^SSfJilfil^SS? 

7 5 0 u mlC/i5J: ? Jcgtf&bfc. 6pfCZO», $ 
fclCl 2 ot-ci 0^«rSL-CK«$Ht. to«sus 
*7 IRA'fcSflLfc. fltbft&S'— (•rogJlifil 5 0 ix m-C 

[0 0 6 5J l©->-(-8ttSaiL. $blCP)ffiJC3 
5 ^mOSl?S«:«/ILT. r^ffiSl8 0t. 7"^ 
£E4 0 k g f/cm 2 Tf $ lmml:44J: 5 {C 2 0 # 

[00 6 6] Zff>fSm&n* 2 6 0tO^V^Sr3 0& 

.[0 0 6 7 ] r«aiffiS:h^xy|cS«LT2 4©Pifl 
50 *B/ll£o;*:S8#a<&#Lfc. 
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[00681 ttkm 3 

Hfc8l 




<ft§f]SP6 - 2 4 8 1 6 4 
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) 2 o:S£ffl5£i$ft¥Lfc. dco&tei o om&wznto 
m i T-i#7t«JJIi?$T« ioo iS^Lti:i. & 

[0 0 6 9] 

^#£fc:«ixT*5 9, 2 6 0^Cro^^^*3 0 

-r, h/uxyMn:< < testa?, mzmmm. « 



7oy f.^— £?0>J$$ 

(51) Int. CI. 5 ttMRB-g- tfftfta** 

C0 8K 5/14 7242— 4 J 

5/3477 7242- 4 J 

C0 8L 45/00 LKB 7921- 4 J 



